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Abstract: 
Purpose:  To compare measurements of retinal and choroidal thickness obtained with an 
optical low coherence reflectometry (OLCR) biometer (Lenstar LS 900) with those obtained with 
a spectral domain optical coherence tomographer (SD-OCT) (Copernicus SOCT HR) in young 
normal subjects. 
Methods:  Twenty young adult subjects had foveal retinal thickness and sub-foveal choroidal 
thickness measurements obtained with OLCR biometry and SD-OCT.  Retinal and choroidal 
thickness was derived through manual analysis of A-scan data from the OLCR biometer.  An 
average SD-OCT foveal B-scan image derived from a series of 50 multiple B-scans was also 
analysed to determine retinal and choroidal thickness for each subject.  Measurements from the 
two instruments were compared using Pearson‟s correlation and Bland-Altman analysis.  
Results:  Retinal and choroidal thickness measurements from the two instruments were highly 
correlated (r2 of 0.80 and 0.94 respectively, p < 0.0001).  The mean retinal thickness with SD-
OCT and OLCR were 195 ± 17 µm and 196 ± 16 µm respectively (mean difference 1 ± 8 µm).   
The mean choroidal thickness was 324 ± 71 µm and 328 ± 84 µm with SD-OCT and OLCR 
respectively (mean difference 4 ± 24 µm).   
Conclusions:  Foveal retinal thickness and sub-foveal choroidal thickness measures from 
OLCR biometry exhibit a strong correlation and good agreement with measures derived from 
SD-OCT in a population of young adult subjects. 
 
Keywords:  Biometry, choroidal thickness, optical coherence tomography, optical low 
coherence reflectometry, retinal thickness  
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In recent years, advances in non-invasive optical ocular biometric measurement techniques 
have meant that highly precise and accurate ocular biometric measurements of anterior eye 
structures,1 posterior eye structures2 and the whole eye3 can now be made.   These biometric 
measures are important for a range of clinical and research applications including preoperative 
screening and preparation for ocular surgical procedures,4 the diagnosis and monitoring of a 
range of different ocular diseases5-7 and research into refractive error development.8  
 
It is now well understood that the axial length of the eye (i.e. the antero-posterior length of the 
eye) is the principle biometric determinant of the eye‟s refractive state.9  As refractive errors 
occur due to a mismatch between the eye‟s length and its optical power, measurements of the 
eye‟s biometric parameters such as axial length have been crucial for research into refractive 
error development.8-11  Research investigating a range of other ocular biometric measures of the 
anterior eye, (such as corneal topography,12 lens thickness,13 ciliary body thickness14), and 
posterior eye (such as retinal thickness15,16 and choroidal thickness17,18) has contributed further 
towards our understanding of the ocular changes associated with refractive error.   
  
In the past, contact measurement methods such as ultrasonography19 have been used to 
assess the biometric properties of posterior eye structures such as the retina and choroid.  
However, in recent years optical coherence tomography (OCT) instruments that allow non-
contact cross sectional imaging and quantitative measurements of the human retina in-vivo2,20 
have been increasingly used for this purpose.  The substantial improvements in scanning 
speeds, scan density and image resolution with the recent development of spectral domain OCT 
(SD-OCT) instruments now allows 3 dimensional imaging and visualization of individual intra-
retinal layers and the subsequent measurement of highly detailed retinal biometric 
4 
 
information21,22  that correlates closely with histological detail.23  The use of high resolution 
imaging from SD–OCT instruments has also been used for the measurement of choroidal 
biometrics.24-28  A range of different approaches have been used to optimize choroidal imaging 
with SD-OCT instruments including the averaging of multiple B-scans,27 the deliberate focusing 
of the instrument closer to the eye than normal (enhanced depth imaging) combined with B-
scan averaging24 and the use of custom made devices with long wavelength light sources (1060 
nm) to enhance choroidal penetration.26  
   
Other optical techniques, such as partial coherence interferometry (PCI) and optical low 
coherence reflectometry (OLCR), whilst primarily used for the assessment of axial length3, have 
also been shown to provide measures of retinal and choroidal thickness through analysis of A-
scan peaks.29-32  Both of these techniques are analogous to a one dimensional OCT scan, 
utilizing time domain interference of light to measure ocular distances, with PCI utilizing a diode 
laser and OLCR a broadband super-luminescent diode for ocular measurements.  Compared 
with OCT measures, these techniques (PCI and OLCR) have the added advantage of also 
allowing the simultaneous measurement of axial length and anterior eye biometrics (however 
they provide measures from only a single retinal location, as opposed to the 3 dimensional 
imaging possible with modern SD-OCT devices).  The use of OLCR measurements of retinal 
and choroidal biometry may therefore be particularly suited for research into refractive error 
development.  However, to date no study has compared in-vivo OLCR biometry of human eyes 
with other accepted methods of retinal and choroidal biometry.  In this study therefore, we 
aimed to compare OLCR measures of retinal and choroidal thickness with measurements 
derived from a commercially available high resolution SD-OCT instrument. 
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Methods: 
Twenty young adult subjects (mean age 23 ± 4 years) participated in this study.  Subjects were 
primarily recruited from the students and staff of our university.  Approval from the University 
human research ethics committee was obtained prior to commencement of the study and all 
subjects were treated in accordance with the tenets of the Declaration of Helsinki and gave 
written informed consent to participate.  All subjects had normal best corrected visual acuity of 
logMAR 0.00 or better, were free from any ocular disease, surgery or trauma and reported good 
general health.  All subjects underwent an initial ophthalmic examination to confirm normal 
ocular health and determine their refractive status.  The subjects exhibited a range of refractive 
errors with a mean spherical equivalent subjective refraction of -1.22 ± 1.62 DS (range +0.50 
DS to -5.50 DS).  No subject exhibited anisometropia of >0.75 DS or cylindrical refraction of 
>1.00 DC (mean cylinder refraction was -0.19 ± 0.22 DC).  Eleven of the 20 subjects were 
female. 
 
Each subject had their retinal and choroidal thickness measured using both the Lenstar LS 900 
optical biometer (Haag Streit AG, Koeniz, Switzerland) and the Copernicus SOCT HR spectral 
domain optical coherence tomographer (Optopol Technology SA, Zawiercie, Poland) at a single 
measurement session on the same day.  To ensure that ocular changes as a result of 
accommodation33 did not confound the measurements, each subject undertook a twenty minute 
period of distance fixation (watching television at a distance of six metres) with habitual 
refractive correction prior to any measurements.  The order of measurement with the two 
instruments was randomized for all subjects.  Both eyes of each subject were measured with 
each device, and all measurements were taken according to manufacturer instructions by a 
single observer experienced with the use of both instruments.  Following data collection, 
analysis to derive the retinal and choroidal thickness measures from each of the instruments 
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was performed by independent observers.  The observer analyzing the SD-OCT data was 
masked as to the results from the observer analyzing the OLCR data and vice versa. 
 
The Lenstar LS 900 instrument is an optical biometer based upon the principles of optical low 
coherence reflectometry (OLCR)34,35  The instrument utilizes a broadband (20-30 nm) super-
luminescent diode light source (peak wavelength 820nm) to provide a series of axial biometric 
dimensions along the line of sight.35  The measurement wavelength and bandwidth of the 
instrument equate to an axial resolution of ~10µm, using the formulae from Tanna et al.36  For a 
single measurement, the instrument performs 16 consecutive scans with each measurement 
taking approximately 3-5 seconds (i.e. the A-scan data from a single measurement consists of 
the average data from 16 consecutive scans).  Figure 1 illustrates an A-scan from a single 
measurement from a typical subject, and the range of ocular biometric dimensions derived from 
each measurement.  A total of 5 measurements were taken per eye.  Following data collection, 
the A-scan data originating from the posterior eye from each measurement were manually 
analysed using the instrument‟s software to determine the retinal and choroidal thickness.  For 
those subjects displaying consistent posterior eye peaks, this involved enlarging the posterior 
section of the scan and manually aligning the instrument‟s software movable retinal 
cursors/markers to be aligned with the prominent anterior retinal peak (P1) and the central RPE 
peak (P3) to determine retinal thickness and the RPE peak (P3) and the prominent posterior 
peak (P4) to determine choroidal thickness (Figure 1, inset).  All analyses to determine these 
inter-peak distances were performed using the Lenstar instrument‟s software (Eyesuite biometry 
software version 1.1.9).  As the axial biometrics derived from the Lenstar instrument are 
measured along the line of sight, we assumed that these measurements are reflecting foveal 
retinal thickness and sub-foveal choroidal thickness. 
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The SOCT Copernicus HR is an SD-OCT instrument that provides high resolution cross-
sectional images of the posterior eye.  The lower resolution predecessor (Copernicus SOCT) of 
the instrument that we used in this study has been shown to provide reliable measurements of 
both retinal37 and choroidal thickness.28 The SOCT HR device utilizes a super-luminescent 
diode light source with a peak wavelength of 850nm, has an axial resolution of 3 µm, transverse 
resolution of 12-18 µm and a scanning speed of 52,000 A-scans per second.  For each subject, 
a scanning protocol was used that aimed to optimize the imaging of the sub-foveal choroid with 
the instrument.  The retina was scanned using the instrument‟s „animation‟ scan mode, which 
allows the capture of multiple B-scans from the same retinal location in a single acquisition.  A 
total of 50 horizontal foveal line scans (with each of the 50 B-scans consisting of 1200 A-scans) 
were collected at each measurement in a total scan time of 1.6 seconds for each subject.  Only 
OCT scans with an average image quality index (QI) of >4 were included, as per manufacture 
instructions (average QI was 6.5 ± 1.0).  Following data collection, the OCT data was exported 
from the instrument for further analysis using custom written software.  This custom written 
software registered and aligned each of the 50 B-scan images, and detected and excluded any 
B-scans exhibiting substantial misalignments, in order to calculate an average B-scan image for 
each measurement session (an average of 40 ± 10 individual B-scans were used in each 
subject‟s average B-scan images).  Previous studies have illustrated that averaging multiple B-
scans provides a reduction in speckle noise and an enhancement of image quality.38,39  Figure 2 
illustrates the single B-scan images and an averaged B-scan image from a representative 
subject.  This averaged image was then analysed to determine the foveal retinal thickness 
(distance from inner limiting membrane to the anterior hyper-reflective line from the RPE at the 
centre of the fovea), and the sub-foveal choroidal thickness (the distance from this anterior 
hyper-reflective line from the RPE to the hyper-reflective line from the choroidal/scleral interface, 
if visible, at the center of the fovea) (Figure 2).   We assumed that using this manual analysis 
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should correspond to a similar retinal region that is scanned by the OLCR biometer that 
measures along the line of sight. 
     
Statistical analysis: 
In this study, data from both eyes were collected, but only data from one eye was used in 
analysis to avoid artificially improving agreement due to the known correlation between the two 
eyes of one subject.40  Whilst SD-OCT imaging with B-scan averaging has been shown 
previously to provide reliable measures of choroidal thickness, it may not provide reliable 
images (i.e. images where the choroidal/scleral interface is readily visible) in all subjects.27  We 
measured both eyes and used only the measurement from the eye that displayed the highest 
quality image of the choroid with SD-OCT (i.e. the most prominent choroidal/scleral interface) in 
further comparative analyses.  Differences between the two instruments could potentially be due 
to errors/inaccuracies with either instrument, however since the SD-OCT has a better axial 
resolution (~3 µm) compared with OLCR (~10µm), we assumed that the SD-OCT result was 
more likely to be correct.  If a reliable choroidal/scleral interface was not visible in either image, 
then the eye used in analysis was randomly chosen.   
 
To investigate the within-session repeatability (from the five repeated measurements on each 
eye) of the measurements of retinal and choroidal thickness from the OLCR biometer we 
calculated the within-subject standard deviation, the coefficient of variation (the within-subject 
standard deviation divided by the mean, expressed as a percentage) and the intra-class 
correlation coefficient (ICC) based upon each subjects‟ 5 repeated measurements.  Agreement 
between the two instruments for measurements of retinal and choroidal thickness was 
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investigated through analysis of the mean retinal and choroidal thickness for each subject from 
each instrument.  Firstly, Pearson‟s correlation coefficient between the two instruments was 
calculated for both retinal and choroidal thickness.  The methods of Bland and Altman40 were 
then used to calculate the mean difference between the two instruments, the standard deviation 
of the differences and the 95% limits of agreement (LOA) between the two instruments for the 
determination of foveal retinal thickness and sub-foveal choroidal thickness.   
 
 
Results: 
Analysis of the SD-OCT data revealed reliable retinal thickness data in all scans from all 
subjects (i.e. 100% of scans).  Reliable choroidal thickness data (i.e. a visible foveal 
choroidal/scleral interface) was present in 31 scans from 40 eyes of the 20 subjects (i.e. 78% of 
scans).  When we include only the one eye from each subject exhibiting the best visualization of 
the choroidal/scleral interface from the SD-OCT in our analysis, we had data from 20 eyes with 
foveal retinal thickness data, and data from 17 eyes with sub-foveal choroidal thickness data 
from the SD-OCT.  All 17 of the subjects with an observable choroidal/scleral interface on the 
SD-OCT also exhibited a consistent P4 peak in their OLCR A-scan.  The P1 retinal peak was 
also visible in all 20 subjects OLCR scans, although 2 of the 20 subjects had P1 peaks visible in 
only 4 out of their 5 measurements.   
 
Retinal thickness 
The mean foveal retinal thickness derived from the SD-OCT instrument was 195 ± 17 µm and 
from the OLCR biometer was 196 ± 16 µm.  The mean difference between the two instruments 
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for measures of foveal retinal thickness was found to be 1 ± 8 µm.  A paired t-test revealed no 
significant difference in the average foveal retinal thickness derived from the two instruments (p 
= 0.54).  The measurements of retinal thickness from the two instruments were also strongly 
correlated (r2 = 0.80, p<0.0001, Figure 3A).  Figure 3B plots the difference between the two 
instruments against the mean of the two instruments measurements of retinal thickness.  It is 
evident from Figure 3B that there is no substantial bias between the two instruments, and that 
close agreement was found for the majority of subjects, with 80% of subjects exhibiting less 
than 10 microns difference between the two instruments. The 95% limits of agreement between 
the two instruments for measures of retinal thickness were +16 to -14 µm.    
 
Choroidal thickness 
The mean sub-foveal choroidal thickness for the 17 subjects with a visible choroidal/scleral 
interface on SD-OCT was 324 ± 71 µm for the SD-OCT instrument and 328 ± 84 µm for the 
OLCR instrument.  The mean difference between the choroidal thickness derived by the two 
instruments was 4 ± 24 µm.  A paired t-test revealed no significant difference between the two 
instruments‟ estimates of sub-foveal choroidal thickness (p=0.450).  The two instruments also 
exhibited a highly statistically significant, strong correlation (r2 =0.94, p<0.0001, Figure 4A).  
Figure 4B plots the difference between the two instruments against the mean of the two 
instruments for choroidal thickness measures.  Examination of Figure 4B reveals no substantial 
bias between the two instruments, and whilst the differences between the two instruments were 
generally small, there are a small number of subjects that showed relatively large differences 
between the two instruments for estimates of choroidal thickness (maximum difference 57 µm).  
The 95% limits of agreement between the two instruments for measures of choroidal thickness 
were +51 to -43 µm. 
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Figure 5 shows a comparison between the averaged B-scan images derived from the OCT 
instrument and the A-scan data from the OLCR biometer for 4 representative subjects.  It is 
evident from these images that the anterior “P1” retinal peak in the OLCR A-scan tends to 
correspond to the location of the inner limiting membrane of the retina in the OCT and the 
posterior “P4” peak also appears to correspond to the location of the choroidal/scleral interface 
in the OCT (when visible).  Subjects 18 and 9 in Figure 5A and B had an average sub-foveal 
choroidal thickness of 244 µm and 272 µm respectively, and also both exhibit a prominent 
choroidal/scleral interface in the foveal region of their OCT B-scan image, as well as relatively 
high amplitude P4 peaks in their OLCR A-scans.  In contrast to these two subjects, subject 15 in 
Figure 5C, had an average choroidal thickness of 459 µm, and only a faintly visible foveal 
choroidal/scleral interface in their OCT B-scan image, and a low amplitude P4 peak in their 
OLCR A-scan.  Subject 4 in Figure 5D, did not exhibit a visible choroidal/scleral interface with 
the OCT image, and also did not exhibit a prominent P4 peak in their OLCR A-scan data.  There 
was a general tendency for those subjects with thinner choroids (<350 µm) to exhibit a more 
prominent choroidal/scleral interface from the OCT imaging, and higher amplitude P4 peaks in 
their OLCR A-scans, than those subjects with thicker choroids.  This appears to be reflected in 
the choroidal thickness repeatability data from the OLCR instrument, where a significant positive 
correlation was found between the within-subject standard deviation and the mean of the 
choroidal thickness measures (r2 =0.302, p=0.02), indicating a higher within-subject standard 
deviation was associated with thicker choroids.  This suggests that the lower amplitude P4 
peaks in those subjects with thicker choroids were less precisely located compared to the higher 
amplitude P4 peaks from subjects with thinner choroids, thus resulting in a larger within-subject 
standard deviation. 
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OLCR repeatability 
Table 1 shows the repeatability data derived from the 5 repeated measurements carried out on 
each subject with the OLCR biometer.  Repeatability data was derived for both retinal thickness 
(RT) and choroidal thickness (ChT) as well as for the other biometric variables automatically 
output by the instrument for comparative purposes, including central corneal thickness (CCT), 
anterior chamber depth (ACD), lens thickness (LT) and axial length (AxL).   It is evident from 
Table 1 that the biometric variables automatically derived from the instrument are all highly 
repeatable, as evidenced by the low coefficients of variation and ICC‟s approaching a value of 
1.  Axial length exhibited the lowest coefficient of variation (0.05%) and highest ICC of all of the 
measured variables (0.999).  All variables, including ChT and RT exhibited ICC‟s of 0.9 or 
greater, indicative of excellent within-session measurement reliability.  However it is evident that 
the manually derived variables of RT and ChT although generally exhibiting good reliability and 
repeatability, were typically slightly less precise than the automatically derived variables, as 
indicated by their lower ICC values and higher coefficients of variation.   
 
 
Discussion: 
Previous studies investigating the accuracy and repeatability of measurements with OLCR 
biometry have shown that the automatically derived ocular biometric measures from this 
instrument (i.e. CCT, ACD, LT and AxL) are highly repeatable and show good agreement with 
other biometry devices.34,35  This study has investigated the within-session repeatability and the 
agreement of manually derived measures of retinal and choroidal biometrics from OLCR 
biometry with high resolution SD-OCT.  In our population of young adult subjects, we found that 
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both foveal retinal and sub-foveal choroidal thickness measurements show good within-session 
repeatability.  These OLCR measures were also highly correlated with measures of foveal 
retinal and sub-foveal choroidal thickness derived from a high resolution SD -OCT instrument.  
Furthermore, we have demonstrated that the peaks in the OLCR A-scan data originating from 
the posterior eye appear to consistently correspond to retinal and choroidal structures observed 
in SD-OCT imaging.  The “P1”, “P3” and “P4” OLCR peaks originating from the posterior eye 
(Figure 1, inset) appear to correspond to the anatomical structures of the inner limiting 
membrane (ILM), retinal pigment epithelium (RPE) and choroidal/scleral interface (Ch/Sc) 
respectively in SD-OCT imaging.   
 
In this study, as we were interested to directly compare the retinal thickness values from SD-
OCT with those derived from OLCR biometry (which obtains data from a single A-scan along 
the line of sight), we manually derived a single measurement of retinal thickness from a 
horizontal raster line averaged B-scan image centred on the fovea (as opposed to using the 
automated retinal thickness values from the instrument).  The mean value of foveal retinal 
thickness derived from this analysis was 195 ± 17 µm in our population of young adult subjects.  
As a number of previous studies investigating normative retinal thickness with SD-OCT have 
defined foveal retinal thickness as the mean thickness within a 1mm circular zone centred on 
the fovea, direct comparison between our current study and many previous studies investigating 
normative retinal thickness with SD-OCT is difficult.37,42,43  Our mean retinal thickness however 
does compare relatively closely to recent reports of normative „central point foveolar‟ retinal 
thickness of ~220-230 µm measured with the Spectralis SD-OCT instrument.44,45  The slightly 
thicker values from these studies most likely reflect differences in retinal segmentation between 
studies, as the Spectralis SD-OCT instrument is known to calculate retinal thickness from the 
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posterior junction of the RPE/Bruchs membrane complex and in our current study we measured 
from the anterior junction of the RPE/Bruchs membrane complex.    
 
Previous studies utilizing a range of different measurement approaches for choroidal imaging in 
normal populations including PCI,31 and SD-OCT25-28 have noted average sub-foveal choroidal 
thickness values ranging from 272-448 µm.  The mean sub-foveal choroidal thickness 
measurement from our population of young adult subjects (324 ± 71 µm) compares favorably 
with the majority of these previous studies.  Whilst the above quoted normative studies have 
investigated populations from a relatively wide variation of ages, ethnic backgrounds and 
refractive errors, the relatively wide range of quoted average values in the literature, suggests a 
high degree of inter-subject variability in the normal sub-foveal choroidal thickness.  Our data is 
also consistent with this, as even within our population of young subjects who were relatively 
homogeneous for age (range 18-29 years), and refractive error (i.e. the population contained no 
highly myopic eyes17,18), we found sub-foveal choroidal thickness values from SD-OCT imaging 
to range from 206 to 442 microns.  Whilst previous studies have noted significant effects of 
age25-28 and axial length26,28 on choroidal thickness, further research is required to better 
understand the factors underlying the natural variations in choroidal thickness in the population. 
 
We assumed that because the OLCR measurements were performed along the line of sight that 
the biometric measures were from the centre of the fovea.  The fact that both retinal and 
choroidal thickness from OLCR exhibited a strong correlation with foveal retinal and choroidal 
thickness from SD-OCT suggests that the majority of our subjects maintained steady central 
fixation during measurements, given that both retinal2 and choroidal thickness24 is known to vary 
depending on location.  If fixation is poor, then OLCR data may not be derived from the foveal 
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region.  Measurements in less cooperative patients or in patients with ocular pathology that 
precludes stable fixation would therefore be likely to exhibit a poorer correlation between 
measures from the two instruments. 
 
 As our primary motivation was to investigate the repeatability and accuracy of the OLCR 
biometer for future research into refractive error development, our population of subjects 
consisted of young adult subjects with either myopic or emmetropic refractive errors.  Therefore 
whilst the OLCR instrument was found to perform reliable measures of retinal and choroidal 
thickness in the majority of subjects in this young adult population, it remains to be seen as to 
whether the OLCR biometer can also reliably assess retinal and choroidal thickness in younger 
or older eyes, or in eyes with retinal pathology.  Given that increased media opacities may lead 
to attenuation of the signal in older subjects,34,46 it is possible that results for repeatability and 
accuracy of retinal and choroidal biometry may worsen in an older population.  
 
The technique of OCT is now well established for the measurement of retinal thickness.2  The 
SD-OCT measurements were able to provide high resolution, detailed retinal images for all 
subjects, and choroidal imaging in the majority of subjects.  However, there were a small 
number of subjects where reliable imaging of the choroid could not be performed.  These cases 
may be due to subjects with thicker choroids and/or increased pigmentation in the RPE which 
would lead to an attenuation of the signal from the choroidal/scleral interface, and preclude 
reliable determination of choroidal thickness.  These subjects also typically did not exhibit 
prominent P4 peaks in their OLCR data (Figure 5 D), however some low amplitude peaks 
posterior to the RPE were sometimes observed in the OLCR data from these subjects, which 
possibly originated from choroidal vessels, as opposed to the choroidal/scleral interface.   
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The majority of subjects exhibited a reasonable agreement between the SD-OCT and OLCR 
measures of choroidal thickness.  However, there were a small number of cases where there 
was a substantial difference in the SD-OCT and OLCR estimates of choroidal thickness.  These 
differences are most likely due to variability in the posterior (P4) peak position in the OLCR 
data, which could potentially be due to eye movements, or small changes in fixation during the 
single A-scan acquisition with the OLCR instrument.  The measurement time with the OLCR 
instrument takes 3-5 seconds for each individual scan, which means that eye movements and 
shifts in fixation could potentially contribute to increased variability in the P4 peak position in 
some cases.  The variability of the choroidal thickness measures from the OLCR instrument 
also tended to increase in subjects with thicker choroids.  This is most likely due to a reduction 
in the signal strength originating from the choroidal/scleral interface from a thicker choroid, 
which led to relatively low amplitude P4 peaks in some cases.  Two of the subjects with larger 
between instrument differences also had choroidal thickness values of >400 microns, and as a 
result had relatively low amplitude P4 peaks, which may have added to some of the variability in 
the subjective location of the peaks.  In order to more reliably measure choroidal thickness in 
these cases, improvements to the OLCR instrument to increase scanning speed, or to increase 
penetration through the choroid (e.g. through the use of a longer wavelength measurement 
beam) may be required. 
 
The strong correlation, and good agreement between the SD-OCT and OLCR estimates of 
retinal and choroidal thickness, indicates that the OLCR biometer is reliably performing foveal 
retinal and choroidal biometry in the majority of young subjects tested.  These estimates of 
retinal and choroidal thickness from the instrument may therefore prove to be useful additional 
parameters to the other biometric measures from the instrument, and may be useful for 
monitoring changes in retinal and choroidal thickness in clinical and research settings.  Whilst 
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retinal and choroidal biometry with the OLCR technique appears reliable, there are some 
drawbacks to this technique compared to SD-OCT imaging.  Firstly it obtains biometric 
information from only a single retinal location (i.e. a 1-dimensional scan), as opposed to the 
larger diameter 2-dimensional and 3-dimensional scanning protocols possible with SD-OCT 
instruments.  A substantially larger amount of information regarding the posterior eye is 
therefore provided from SD-OCT scans compared with OLCR.  The axial resolution of SD-OCT 
devices is also superior to that of the OLCR device, which allows more detailed visualization 
and measurement of the posterior eye structures. 
 
In conclusion, this study shows that retinal and choroidal thickness measurements from a 
population of young adult subjects can be derived through manual analysis of A-scan data from 
an OLCR biometer. These data are repeatable and exhibit a strong correlation with foveal 
retinal thickness and sub-foveal choroidal thickness measures derived from high resolution SD-
OCT.   
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Figure captions: 
 
Figure 1:  Illustration of the A-scan signal from the OLCR biometer from (A) the whole eye and 
(B) from the posterior eye from an individual measurement from a representative subject.  
Automated analysis of the A-scan from the whole eye, provides a range of ocular biometric 
measures including central corneal thickness (CCT), anterior chamber depth (ACD), crystalline 
lens thickness (LT) and axial length (AxL).  Manual analysis of the A-scan signal from the 
posterior eye (B) to determine inter-peak distances allows measurement of retinal thickness 
(RT), and choroidal thickness (ChT).  The series of peaks from the posterior eye are thought to 
correspond to retinal structures, with the anterior peak (P1) thought to originate from the inner 
limiting membrane (ILM), the prominent central peak (P3) thought to originate from the retinal 
pigment epithelium (RPE), and the posterior peak (P4) thought to originate from the 
choroidal/scleral (Ch/Sc) interface. Further examples illustrating between subject variations of 
the appearance of the posterior eye A-scans can be found in Figure 5. 
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Figure 2:  An illustration of the analysis procedure performed for the SD-OCT data.  Fifty 
individual B-scans (left) at the same retinal location are collected in a single measurement 
acquisition.  Custom written software was then used to register and align the 50 individual B-
scans to produce a final „averaged B scan image‟ (right).  Note the reduction in speckle noise 
and improved visualization of the intra-retinal microstructures and choroidal/scleral interface in 
the averaged image.  The averaged B-scans were then subsequently analysed to determine the 
retinal thickness (RT: distance from inner limiting membrane to anterior RPE) and choroidal 
thickness (ChT: distance from anterior RPE to choroidal/scleral interface) at the centre of the 
fovea. 
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 Figure 3:  A.  Correlation between the SD-OCT and OLCR instruments for measurements of 
foveolar retinal thickness (RT).  B.  Bland-Altman plot of the difference versus the mean of the 
two instruments for measurements of foveolar RT. 
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Figure 4:  A. Correlation between the SD-OCT and OLCR instruments for measurements of 
sub-foveal choroidal thickness (ChT).  B.  Bland-Altman plot of the difference versus the mean 
of the two instruments for measurements of sub-foveal ChT. 
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Figure 5:  Comparison of OLCR A-scan data from the posterior eye with SD-OCT retinal 
imaging in 4 representative subjects.  A-scan data and SD-OCT data have been re-sized to 
have the same scale in the axial direction, and the “P3” retinal pigment epithelium (RPE) peak 
has been aligned with the anterior RPE in the SD-OCT image.   Note that the anterior (P1) and 
posterior (P4) peaks from the OLCR data tend to correspond to the inner limiting membrane 
(ILM) and choroidal/scleral interface (CH/SC) respectively in the SD-OCT images.  Subjects 18 
and 9 (A and B, top) illustrate subject‟s with a prominent choroidal/scleral interface on OCT, 
whereas subject 15 (C, bottom left) exhibits less obvious visualisation of this interface.  The 
choroidal/scleral interface is not visible in subject 4 (D, bottom right).   
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Tables: 
Table 1:  Within-session repeatability/reliability for ocular biometric measurements derived 
from each subject‟s 5 repeated measurements with the OLCR biometer.  Biometric measures 
analysed included central corneal thickness (CCT), anterior chamber depth (ACD), lens 
thickness (LT), axial length (AxL), retinal thickness (RT) and choroidal thickness (ChT). 
 
Ocular 
biometric 
parameter 
Within subject 
standard deviation 
(µm) 
Coefficient of 
variation (%) 
Intra-class 
correlation 
coefficient (r) 
CCT (n=20) * 4 0.73 0.977 
ACD (n=20) * 30 0.96 0.994 
LT (n=19) * 52 1.45 0.965 
AXL (n=20) * 13 0.05 0.999 
RT (n=20) † 8 4.3 0.900 
CHT (n=17) † 13 4.0 0.975 
 
* Indicates biometric parameter automatically derived by instruments‟ software 
† Indicates biometric parameter derived through manual analysis of A-scan data. 
 
